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[57] ABSTRACT 
Apparatus for demodulating color difference signals 
from a chroma signal in a color television receiver set 
includes first and second differential amplifiers and a 
matrix circuit comprising a constant current circuit 
Output terminals of the differential amplifiers and the 
matrix circuit are connected to a power supply through 
load resistors of the same resistance, respectively, 
through which D.Q currents of the same magnitude are 
passed. Resistors for combining signals are connected to 
the load resistors, and a common chroma signal is ap- 
plied to the first and second differential amplifiers while 
sub-carriers of different phase are applied to the first 
and second differential amplifiers to effect synchronous 
detection to demodulate color difference signals of dif- 
ferent demodulation axes across the load resistor. With 
this arrangement, a plurality of stable color difference 
signals of uniform D.C. level can be produced and the 
number of terminal pins required can be reduced so that 
the demodulation apparatus is readily implemented in 
an integrated circuit structure. . ' ' 

11 Claims, 7 Drawing Figures 
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In this arrangement, since the three differential ampli- 
COLOR DEMODULATION APPARATUS fiers 7R, 7G and 7B can be constructed in an identical 

structure, the D C levels of the output color difference 
The present invention relates to an apparatus for signals can be made uniform. In addition, the variation 
demodulating color difference signals from a chroma 3 due to the change in ambient conditons can be relieved, 
signal in a color television receiver set or the like and On the other hand, since the chroma signals of different 
provides such an apparatus which is stable in operation phases must be applied to the differential amplifiers 7R, 
and suitable for construction in an integrated circuit 7G and 7B, the input terminals 8R, 8G and 8B are addi- 
structure tionally required. This is disadvantageous in construct- 

The objects, operation and advantages of the present 10 ing the apparatus in the integrated circuit structure, 
invention will now be described in conjunction with the ^cularly in the illustrated example, sincethe G- Y 
accompanying drawings, in which: demoduUtion to earned out by the color sub^arner of 

FIGS. 1 to 3 show color demodulation apparatus of **°^Tu*^Jl V PP v ? 

the nrior art input terminal 8G must have been phase shifted by 

nG.4showsafirsteiiAodin^ 15 approxiinately 33^«x>rdmgl y , a phase shift ^ 

lation apparatus of the present invention. addiuonaUy required. 

SlS^dto ta^apparatussho^ 

A lation circuit comprises first and second differential 

mTTr^ of amplifiers 12R'aiidl2B, and a matrix circuit 12G which 

FIG. 6showsa £ud embodiment of the apparatus of ^ ^ md _(B-Y) signal to produce 

tEf? t vcnticm : . f - f . nrMUkn , G-Y signal and which includes a current source uniform 

FIG. 7 shows a ^/^S^^LT^ which ^akes the D.C balances of the outputs. In this 
mvendon wmch includes a further arrangement, a common croma signal from a chroma 

In the color tdevision receiver set or the hke, appara- ^ 1 M k u ^ to ^ differential 

tus as shown in HGS. 1, 2 and 3 nave been used to 2J nR ^ ^ while R-Y axis (90*) and B-Y 

demodulate R-Y, O-Y and B-Y color difference signals 8QtK:arrier8 m applied from starrier input 

from a chroma signal. Those apparatus will be ex- terminals 13R and 13B to effect synchronous detection 
plained first ■ ^ to produce R-Y and B-Y color difference signals across 

In the apparatus of FIG. 1, *, pair of first and second load resistors 15R and 15B, respectively, connected to 
differential amplifiers IX and 1 Y are provided, to which 3Q qq^^ of ^ f mt m a second differential amplifiers 
a common chroma signal from a chroma signal input UR ^ ^B, respectively, which color difference sig- 
terminal is applied while the B-Y axis (0*) and R-Y axis ^ ^ then fed to output tenninals 16R and 16B, re- 
(90 # ) sub-carriers from sub-carrier input terminals 3B gpecfively. Ratios of the resistors 15B, 17R and 17B are 
and 3R, respectively, are applied to effect suynchronous selected such that -(R-Y) signal and -(B-Y) signal are 
detection to produce B-Y and R-Y color difference 35 cabined to produce a G-Y color difference signal,' 
signals across load resistors connected to collectors of which is fed to an output terminal 16G. The apparatus . 
the first and second differential amplifiers IX and 1Y, 0 f FIG. 3 is an improvement over the apparatus of FIG. 
respectively, which color difference signals are then fed i ^ i t aH 0W8 matching of D.C levels of the output 
to output terminals 5B and 5R, respectiYcly . A ratio of color difference signals. However, when it is desired to 
resistors 6X and c^Y is selected such that -(B-Y) signal 40 match the D.C. levels while charging demodulation axis 
and -(R-Y) signal are combined to produce a G-Y ^ ^ desired, the resistor 17B may be eliminated 
color difference signal which is fed to an output termi- and the collector of transistor 18 may be connected to 
nal 5G. an intermediate poinfc of the- resistor 15B. 

In such an apparatus, however, since the demodu- In the apparatus of FIG. ,3, however, assuming that 
lated outputs of the differential amplifiers IX and 1Y are 45 the apparatus is constructed in the integrated circuit 
combined in the resistors 6X and €Y to produce the G-Y structure such that the resistances of the resistors 19R, 
color difference signal, the resistances of the resistors 19B and 19G are set near 1 Kfl which assures the manu- 
4X, 4Y, 6Xand6Y should be set to different values. As fecture in the integrated circuit with least variance and 
a result, because the resistances of the load resistors are demodulation gain is set to an optimum value to widen 
different from each other, the D.C levels of the output 50 dynamic range and amplifiers are connected to the out- 
color difference signals differ from each other. Further- put tenninals 16R, 16G and MB, then the resistances of 
more, since the D.C operating points of the differential the resistors 15BT17R and 17B are reduced to around 
amplifiers IX and 1Y differ from each other, the varia- 200 Q, which inevitably causes variation in the resis- 
tion between the output color difference signals due to tances. Thus, it has been difficult to attain D.C balance 
temperature variation or power supply voltage varia- 55 of the output color difference signals, 
tion increases substantially. . Accordingly, each of the prior art apparatus has a 

In the apparatus of FIG. 2, first, second and third disadvantage and could not provide a satisfactory color 
differential amplifiers 7R, 7G and 7B are provided, to demodulation apparatus. 

which chroma signals of predetermined phases are ap- It is an object of the present invention to overcome 
plied from chroma signal input terminals 8R, 8G and 8E 60 the above defects of the prior art apparatus and provide 
while R-Y axis (90*) and B-Y axis (0") sub-carriers are an apparatus which can produce output color difference 
applied from sub-carrier input terminals 9R and 9B to signals of uniform D.C level, reduces out-of-balance 
effect synchronous detection to produce R-Y, B-Y and due to variation in ambient condition such as tempera- 
G-Y color difference signals; across lead resistors 10R, cure change, reduces the number of terminal pins re- 
10G and 10B, respectivdy, connected to collectors of 65 quired for the connection of signals and allows the use 
the differential amplifiers 7R, 7G and 7B, respectively, of resistance which can be manufactured without vari- 
which color difference signals are then fed to output ance so that the apparatus can be constructed in the 
terminals 11R, 11G and 11B, respectively. integrated circuit structure. 
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Preferred embodiments of the present invention are in the integrated circuit structure without variance, a 

now explained FIG. 4 shows, a first embodiment in balanced apparatus can be manufactured, 

which numerals 20R and 20B denote a first and second Furthermore, in this apparatus, since the resistances 

compound differential amplifiers for demodulating R-Y 0 f the resistors 21R, 21B, 22R, 22B and 24 are the same 

and B-Y color difference signals, respectively, each 5 and the D.C. currents therethrough are also the same, 

comprising a combination of emitter coupled transistors ^ D ,c. levels at the collector output terminals of the 

and constant current transistors. Numeral^ denotes first ^ differential amplifiers 20R and 20B and 

a matrix circmt for syn Aesmng a G-Y color difference at ^ output terminal 0 f the transistor 23 of 

signal from -(R-Y) and > signals The coUectors the circuit 20G are the same. Accordingly, the 

of the first and second differential amplifiers 20R and io D .C. levels of the R-Y and B-Y color Oifference dgnals 

20B are connected to a power supply through load « *u , , T 1 ^ J^T 

resistors 21R, 21B, 22R and22B of the same restoice. 85 w f ™^Pjr P leveI / ^ 

The matrix circuit 20G includes a constant current synthesized from the R-Y and B-Y color dif- 

transistor 23, a collector of which is also connected to fa addition since those D.C. 

the power supply through a resistor 24 having me same 15 "! same direction by the same amount 

resistance as the resistors 2lR, 21B, 22R and 22B. D.C. when the ambient condition such as the power supply 

currents of the same magnitude flow through the resis- voltage changes, the D.CUbalance is not lost and a 

tors 21R, 21B, 22R, 22B and 24. A common chroma staWe 00101 demodulatipn is always attained; 

signal is applied to the first and second differential am- Furthermore, with this arrangement, a minimum 

plifiers 20R and 20B from a chroma signal input termi- 20 number of signal input/output terminals are required 

nal 25 while R-Y axis (90°) and B-Y axis (0°) color sub- except the power supply terminals. Thus, the total num- 

carriers are applied from color sub-carrier input termi- ber of terminals can be reduced and hence the apparatus 

nals 26R and 26B, respectively, to effect synchronous is suitable for construction t in 1 the integrated circuit 

detection. Thus, R-Y and B-Y color difference signals structure. . < . 

are demodulated across the load resistors 21R and 21B 25 . When it is desired to increase the demodulated output 

of the first and second differential amplifiers 20R and for the G-Y color difference signal in the above appara- 

20B, respectively, which color difference signals are fed tus, a resistor 29 shown in the embodiment of FIG. 5 

to color difference signal output terminals 27R and 27B, may be inserted between the junction of the resistors 

respectively. 28R and 28B connected between the output terminals of 

Between the respective load resistors 22R and 22B of 30 me first and secpnAdifferential amplifiers 20R and 20B, 

the first and second differential amplifiers 2QR and 20B ^ ^ output terminal of the matrix circuit 20G. With 

and the load resistor 24 of the matrix circuit 20G, sum- this arrangement, an effect which is equivalent to a case 

ming resistors 28R and 28B are connected ^ectively when ^ dividing ratio in synthesizing the G-Y color 

to synthesize the -(R-Y) sigiial and the -£Y) simial difference signal is increased is attained so that the de- 

respectively. A ratio of the resistances of the resistors „ ZljT ^„ ^ m.„ „r*u~ 

- 01 T . *oti • 1 A j l * *«_ v 1 33 modulation gam can be increased. The insertion of the 

28R and 28B is selected such that the G-Y axis color ^ j™-^* a* y\ ^ — *; j u j 

.*~ * , , ... A . m resistor 29 does not affect- the D.C. operation described 

difference signal is produced by combining the —(R-Y) fl , vp ^ 

signal and the —(B-Y) signal. The resulting G-Y color A ... , 

dfference signal is fed to anoutput terminal 27G. With CT * 2°*°^. ° f **° Ve *PP***»* » to 
this arrangement by proper selection of the resistances ^ F } G \ 6 »-wluch the magnitudes of the color difference 
of the resistors 21R, 21B, 22R, 22B, 24, 28R and 28B, W 00X1 te adjusted without changing the D.C lev- 

G-Y demodulation phase and the gain thereof can be set els thereof. In the apparatus of FIG. 6, a constant cur- 
to desired values. Since the resistances of the resistors 30 fa additionally provided, which has a 

21R, 21B, 22R, 22B and 24 are the same, the demodula- resistor 31 having the same resistance as the resistors 
tion gains for R-Y and B-Y are the same. Namely, 22*+ 22 B and 24, through which resistor 31 a 

45 current having the same magnitude as in the above 
(B ^ Y) component of o - 7 _ resistorais passed. As a result, the D.C; level at the 

b -y . ~ . output terminal of the resistor 31 is the same as the D.C 

levels at the output terminals of the above resistors. 
( ( RuR + ' Ru 1 /j \ R ' jo Thus, by inserting an additional resistor 33 between the 

K&n* + r mr + R 2* 2tB J 223 1 . ^ , . output terminal of the resistor 31 and one of the other 
( R ii* + R itR> ' f ~ +J? ' ; : R ns = resistors 21R, 21B, 22R; 22B and 24, the magnitude of 

r hr + ^21* + Am . ** . -.^ .» ' v the color difference signal at the output terminal of the 

above one resistor, that is,' the demodulation gain can be 
(Run + And • ^« + (^^2J^'-^ , ^24 + r ur> - k ub 55 adjusted without changing the D.C leveL 
(Rjm + • *24 + (*2» +^24+ R n*K R nB + R iud For example, when the resistor 33 is connected to a 
(R-r> component ofG-r , point R or a point — R, the demodulation gain for the 

— r-y = R-Y or —(R-Y) color difference signal can be adjusted; 

when^the resistor 33 is connected to a point B or a point 
{Rub + - ^24 + (*27B + *n + *uud • ^ztB 60 — demodulation gain for the B-Y or -(B-Y) 
(*22* + Rub) ■ R» + (fins + R i4 + R nB^tm + R 2ud 9° lor difference signal can be adjusted; and when the 

resistor 33 is connected to a point G, the demodulation 
Thus, by adjusting the resistances of the resistors 28R 6^° and the demckiulatidn axis for G-Y can be adjusted, 
and 28B, the demodulatipn phase and the demodulation & should be understood that the adjustment of the de- 
gain for the G-Y color difference signal can be set to' 65 modulation gain for ? the — (R-Y) or — (B-Y). difr 
desired values. In this case, since the resistances of the ference signal leads to the ^diustment of the demodula- 
resistors 21R, 21B, 22R, 22B, 24, 28R and 28B can be set tion gain and the demodulatibn axis of the G-Y color 
between 1 kfl and several ktl .which allow manufacture difference signal. 
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In the apparatus of FIG. 6, the output terminal of the ence signals are demodulated at the collectors of the 

resistor 24 may be directly connected to the junction of differential amplifiers 20R and 20B, respectively, which 

the resistors 28R and 28B or it may be connected color difference signals are fed to output terminals 27R 

through the resistor 29. and 27B, respectively. Since no chroma signal is applied 

While the above embodiments show that the first and 5 to the differential amplifier 31, it does not effect syn- 

second differential amplifiers demodulate the R-Y axis chronous detection and no detected output is produced 

and B-Y axis color difference signals, it should be un- at the collector thereof. 

derstood that the present invention can be applied to Synthesizing resistors 28R and 28B are connected 
other cases where X axis and Y axis color difference between the load resistors 22R and 21B, respectively, 
signals are demodulated or color difference signals of 10 and the collector load resistor 32 of the differential 
any other axes are demodulated. amplifier 31 to synthesize —(R-Y) and B-Y color differ- 
As described above, the color demoduation apparatus ence signals, respectively. As in the previous embodi- 
of the present invention includes the first and second ments, the ratio of the resistances of the resistor 28R and 
differential amplifiers and the matrix circuit having the 28B is selected such that the O-Y color difference signal 
constant current circuit, each having the load resistor of 15 is produced by combining the —(R-Y) and B-Y color 
the same resistance with the D.C current of the same difference signals. As a result, the G-Y color difference 
magnitude being passed therethrough, and the color signal is produced at the junction of the resistors 28R, 
difference signals of different axes are produced across 28B and 32 and the color difference signal is fed to an 
the load resistors of the first and second differentia] output terminal 27G. 

amplifiers while the first and second summing resistors 20 In this manner, with this arrangement all of the R-Y, 

are connected between the load resistors of the first and G-Y and B-Y color difference signals can be demodu- 

second differential amplifiers and the load resistors of lated. 

the matrix circuit so that the color difference signal of It is apparent that only the differential amplifiers 20R 

the other axis is produced across the load resistor of the and 20B effect synchronous detection and the differen- 

matrix circuit 25 tial amplifier 31 merely operates in a D.C. manner 

Accordingly, in the apparatus of the present inven- mode, 
tion, since the resistances of the load resistors are the However, by connecting the three differential ampli- 

same and D.C. currents of the same magnitude flow fiers 20R, 20B and 31 to the power supply through the 

therethrough, the color difference signals of the uni- load resistors 21R, 21B, 32, 22R, 22B and 33 of the same 

form D.C level can be demodulated. Furthermore, 30 resistance, they are operated in the same D.C. level and 

since the change in the ambient conditions such as tern- the D.C. potentials of the collectors of the differential 

perature change or power supply change, if any, affect amplifiers 20R, 20B and 31 are identical Accordingly, 

equally the respective color difference signals, the color the resistors 28R and 28B for synthesizing the G-Y 

balance is not lost color difference signal can be connected between the 

Moreover, in the present apparatus, since the resis- 35 same D.C level points so that the G-Y color difference 

tances of the load resistors and the summing resistors signal can be produced by combining the R-Y and B-Y 

included can be selected to those values which allow demodulated output signals without changing the D.C. 

the stable manufacture of those resistors in the inte- level. Thus, all of the R-Y, G-Y and B-Y color differ- 

grated circuit structure without variation, the apparatus ence signals can be produced at the same D.C level 
is suitable for construction in an integrated circuit struc- 40 Accordingly, since the D.C levels of the collectors 

hire. of the differential amplifiers 20R, 20B and 31 are identi- 

Furthermore, since a constant current circuit is addi- cal, the resistor can be connected between any two of 
tionally provided having the load resistor of the same them to adjust the amplitude of the color difference 
resistance as the other load resistors and the D.C cur- signal For example, by connecting the resistors 34 and 
rent of the same magnitude is passed therethrough 45 35 as shown by chain lines in FIG. 7, the magnitude of 
while the resistor is connected between the load resistor the B-Y color difference signal can be adjusted so that 
of the constant current circuit and one of the other load the ratios of the three color difference signals are ad- 
resistors, the demodulation gain of the color difference justed to any desired values, 
signal produced across that one load resistor can e ad- Furthermore, in the present apparatus, since the three 
justed without changing the D.C level. Accordingly, 50 differential amplifiers 20R, 20B and 31 operate at the 
the magnitude of the output color difference signal same D.C condition, the change in the ambient condi- 
and/or the demodulation axis can be adjusted without tion such as temperature change or power supply varia- 
sacrificing the effect of the apparatus. tion, if any, affects identically all of the color difference 

Referring to FIG. 7, an embodiment in which a dif- signals so that the D.C levels and the ratios of the three 

ferential amplifier is used as a constant current circuit in 55 color difference signals can be maintained constant 

the matrix circuit is explained. Accordingly, the color change is minimized even when 

In FIG. 7, numerals 20R, 20B and 31 denote com- the ambient condition changes, 
pound differential amplifiers each comprising a combi- Moreover, in the present apparatus, since a minimum 

nation of emitter coupled transistors and constant cur- number of input/output terminals are required except 

rent transistors. Collectors of the differential amplifiers 60 the power supply terminals and the ground terminal, 

20R, 20B and 31 are connected to a power supply the total number of the terminal pins can be minimized 

through load resistors 21R, 21B and 32 of the same and hence the apparatus is suitable for the construction 

resistance. A common chroma signal is applied to the in the integrated circuit structure, 
differential amplifiers 20R and 20B from a chroma sig- It should be understood that a particular color differ- 

nal input terminal 25 while R-Y axis (90 v ) and B-Y axis 65 ence signal to be demodulated from selected ones of the 

(0°) color sub-carriers are applied from color sub-car- three differential amplifiers may be selected arbitrarily 

rier input terminals 26R and 26B, respectively, to effect depending on particular phases of the color sub-carriers 

synchronous detection. Thus, R-Y and B-Y color differ- applied. 
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What we claim is: 

1. A color demodulation apparatus comprising; .. 
first and second differential amplifiers; 

a matrix circuit including a constant current circuit; 

means connecting output terminals of said first and 5 
second differential amplifiers and an output termi- 
nal of said matrix circuit to a power supply through 
load resistors, respectively, having the same resis- 
tance; 

means for passing D.C. currents of the same magni- 10 
tude through said load resistors; 

synthesizing resistors connected between said load 
resistors of said first and second differential amplifi- 
ers, respectively, and said load resistor of said ma- 
trix circuit; 15 

means for applying a common chroma signal to said 
first and second differential amplifiers while apply- 
ing sub-carriers of different phases to said first and 
second differential amplifiers to effect synchronous 
detection; 20 

whereby color difference signals of different axes are 
produced across said load resistors of said first and 
second differential amplifiers and said load resistor 
of said matrix circuit, respectively. 

2. A color demodulation circuit according to claim 1 25 
wherein said synthesizing resistors have a common 
connecting portion directly coupled to said load resistor 
of said matrix circuit. 

3. A color demodulation circuit according to claim 1 
wherein said synthesizing resistors have a common 30 
connecting portion connected to said load resistor of 
said matrix circuit through a further resistor. 

4. A color demodulation apparatus according to 
claim 1 wherein R-Y axis and B-Y axis sub-carriers are 
applied to said first and second differential amplifiers, 35 
respectively, and R-Y, B-Y and G-Y color difference 
signals are produced across the load resistors of said 
first and second differential amplifiers and said load 
resistor of said matrix circuit, respectively. 

5. A color demodulation apparatus comprising: 40 
first and second differential amplifiers; 

a matrix circuit including a constant current circuit; 

means connecting input terminals of said first and 
second differential amplifiers and an output termi- 
nal of said matrix circuit to a power supply through 45 
load resistors, respectively, having the same resis- 
tance; 

means for passing D.C. currents of the same magni- 
tude through said load resistors; 

synthesizing resistors connected between said load 50 
resistors of said first and second differential amplifi- 
ers, respectively, and said load resistor of said ma- 
trix circuit; 

means for applying a common chroma signal to said 
first and second differential amplifiers while apply? 55 
ing sub-carriers of different phases to said first and 
second differential amplifiers to effect synchronous 
detection whereby color difference signals of dif- 
ferent axes are produced across said load resistors 

60 



. - of said first and second differential amplifiers and 
- said load resistor of said matrix circuit, respec- 
tively; 

a constant current circuit having a load resistor of the 
same resistance as said load resistor of said first and 
second differential amplifiers and said matrix cir- 
cuit with a D.C current of the same magnitude as 
that of said load resistors being passed there- 
through; 

a resistor connected between an output terminal of 
said load resistor of said constant current circuit 
and a selected one of the output terminals of said 
first and second differential amplifiers and said 
matrix circuit to adjust demodulation gain. 

6. A color demodulation apparatus according to 
claim 5 wherein said synthesizing resistors have a com- 
mon connecting portion directly coupled to said load 
resistor of said matrix circuit 

7. A color demodulation apparatus according to 
claim 5 wherein said synthesizing resistors have a com- 
mon connecting portion connected to said load resistor 
of said matrix circuit through a further resistor. 

8. A color demodulation apparatus according to 
claim 5 wherein R-Y axis and B-Y axis sub-carriers are 
applied to said first and second differential amplifiers, 
respectively, and R-Y, B-Y and G-Y color difference 
signals are produced across said load resistors of said 
first and second differential amplifiers and said load 
resistor of said matrix circuit, respectively. 

9. A color demodulation apparatus comprising; 
first, second and third differential amplifiers; 
means for connecting collectors of said first, second 

and third differential amplifiers through load resis- 
tors, respectively, having the same resistance; 

synthesizing resistors connected between the collec- 
tors of said first and second differential amplifiers, 
respectively, and the collector of said third differ- 
ential amplifier; 

means for applying a common chroma signal to said 
first and second differential amplifiers while apply- 
ing sub-carriers of different phases to said first and 
second differential amplifiers; 

whereby color difference signals of different phases 
are produced in the collector circuits of said first, 
second and third differential amplifiers, respec- 
tively. 

10. A color demodulation apparatus according to 
claim 9 wherein a voltage dividing resistor is connected 
between the collectors of said first and second or sec- 
ond and third differential amplifiers so that the magni- 
tudes of the color difference signals are adjusted by the 
resistance of said dividing; resistor. 

11. A color demodulation apparatus according to 
claim 9 wherein R-Y axis and B-Y axis sub-carriers are 
applied to said first and second differential amplifiers, 
respectively, and R-Y, G-Y and B-Y color difference 
signals are produced by said first, second and third 
differential amplifiers, respectively. 
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